The levels of interleukin (IL)-1, IL-6, IL-8, IL-10, and transforming growth factor-b in sera and genital tract secretions from women with gonococcal cervicitis and other genital infections were examined. Cytokines were not elevated in genital secretions from gonococcus-infected compared with uninfected patients. The level of serum IL-6 was higher in gonococcus-infected than in uninfected patients at recruitment. Serum, but not local, IL-1 and IL-6 levels were elevated in patients concomitantly infected with Trichomonas vaginalis or Chlamydia trachomatis in addition to Neisseria gonorrhoeae compared with levels in patients infected with any single organism. Concomitant infection altered neither the total immunoglobulin concentrations nor the levels of antigonococcal antibodies in serum or local secretions. The results suggest that N. gonorrhoeae induces only a limited cytokine and antibody response during uncomplicated cervical infections; however, the presence of other sexually transmitted disease -causing organisms can alter the systemic cytokine but not the antigonococcal antibody levels.
Pathogenic bacteria use at least two basic strategies in order women (Hedges SR et al., unpublished data), however, suggests that both systemic and genital tract antibodies, though detectto survive the effects of the host's immune response. Some avoid provoking specific host defenses, whereas others induce able, are rather modest. Yet N. gonorrhoeae typically causes an acute pyogenic infection, with an accumulation of inflamimmune responses but possess the ability to evade the consequences by a variety of mechanisms. It is commonly believed matory neutrophils. These observations have led us to consider that Neisseria gonorrhoeae, the etiologic organism responsible the nature of the cytokine response to N. gonorrhoeae. for the sexually transmitted disease (STD) gonorrhea, evades
The host defenses against pathogenic bacteria are reguthe immune response that it induces during infection. Antibodlated, in part, by cytokines, which are produced by a wide ies against N. gonorrhoeae have been found in serum and variety of cells including lymphocytes, phagocytes, and epigenital tract secretions from infected patients [1] [2] [3] [4] [5] [6] [7] . N. gonorrthelial cells. Inflammatory cytokines such as interleukin hoeae appears to protect itself against these immune responses (IL)-6, IL-8, and in some cases, IL-1 and tumor necrosis by several mechanisms, such as extensive and rapid antigenic factor (TNF)-a, have been detected in local secretions and variation of surface proteins, variation and sialylation of lipoosera during mucosal infections with gram-negative bacteria ligosaccharide, interference with complement-mediated lysis [15] [16] [17] [18] [19] . The sources of cytokines at mucosal surfaces have by Rmp protein, and the production of IgA1 protease [8] [9] [10] [11] [12] [13] [14] .
not always been definitively determined; however, it has The combination of antigonococcal antibodies in infected pabeen proposed that epithelial cells are a major source of the tients and the presence of potential antibacterial defense mecha-IL-6 and IL-8 produced during the acute stages of mucosal nisms in the lumen and mucosae of the genital tracts have infections (reviewed in [20] ). Epithelial cells have also been suggested that N. gonorrhoeae, like other pathogens, induces shown to produce a variety of cytokines, including IL-1, ILan immune response but then evades or neutralizes the effects 6, and IL-8, in response to live bacteria in vitro [21] [22] [23] . This of that response. Our analysis of responses in naturally infected cytokine profile is similar to that detected during mucosal infections and differs from that secreted by macrophages by the lack of TNF-a [22] . Given their pleiotropic nature, local cytokines, produced in response to pathogenic organisms, richia coli urinary tract colonization of women in natural urirpm for 10 min at 4ЊC, aliquoted, and stored at 070ЊC. nary tract infections [15, 16, 31] . However, the cytokine reVaginal wash was collected by instilling 10 mL of PBS and sponse to gonococcal infection in women has not been recovering Ç8 mL by aspiration; 0.1 vol of the above-described examined, but the relative paucity of an antibody response to protease-inhibitor cocktail at 101 concentration was then added. Cytokine assays. Cytokine levels were quantified by a method
Materials and Methods
of sequential ELISA measurement [37] . All anticytokine antibodPatients. Female patients attending the Jefferson County Deies and standards were purchased (R&D Systems, Minneapolis). partment of Health STD Clinic (Birmingham, AL) were recruited Briefly, plates were coated with anti-human IL-1b, and duplicate into the study. When possible, samples of cervical mucus, vaginal serial dilutions of sample were incubated overnight at 4ЊC. Subsewash, and blood were obtained from the patients at the time of quently, 80 mL from each serial dilution was passaged to plates treatment and Ç2 weeks after the initial visit. Presumption of coated with anti-human IL-10 and incubated overnight at 4ЊC. infection with N. gonorrhoeae, C. trachomatis, and T. vaginalis Finally, 20 mL of each serial dilution was subsequently passaged and subsequent treatment was based on clinical criteria, including from the anti-human IL-10-coated plates to plates coated with gram-stained smears and microscopic analysis of vaginal samples.
either anti-human IL-6 or anti-human IL-8. The volume in each Current infections were confirmed by culture of all samples for well was adjusted to 100 mL, and the plates were incubated overgonococcal, chlamydial, and trichomonad organisms by routine night at 4ЊC. Standards consisting of suitably diluted recombinant laboratory methods; no patient remained infected after treatment.
human IL-1b, IL-6, IL-8, or IL-10 were included on the approNot all specimens were obtained from every patient, and in some priate plates. Bound cytokines were detected with mouse anticases cytokine or antibody levels were not tested due to a lack of human IL-1b, IL-6, IL-8, and IL-10 followed by incubation with sufficient samples. Clinical histories were recorded for each patient peroxidase-conjugated anti-mouse IgG (Southern Biotech, Birincluding: age, date of last menstrual period, and history of previmingham, AL) for 4 h. Color development and interpolation of ous STDs. The distribution of current and previous infection with unknowns were performed as described above.
N. gonorrhoeae, C. trachomatis, and T. vaginalis among enrolled
Immunoglobulin and antibody assays. Cervical mucus, vaginal patients is shown in table 1. There was no evidence that there was wash, and sera were tested for concentrations of total IgA1, IgA2, a bias between the currently infected and uninfected patient groups IgG, and IgM by ELISA. To measure total IgG and IgM, plates with regards to patient reports of previous STD. The median age were coated with anti-human IgG or IgM (Dako, Carpinteria, CA), of infected patients was 23 years (range, 17-57), and that of followed by duplicate serial dilutions of sample incubated overpatients not infected with N. gonorrhoeae was 25.5 years (range, night. Bound immunoglobulins were detected with suitably diluted [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] .
peroxidase-conjugated anti-human IgG or IgM (Dako) for 4 h. For Sample collection and handling. Cervical mucus (Ç0.05-0.5
IgA1 and IgA2 measurement, plates were initially coated with mL) was mechanically collected using a sterile swab and dispersed human-absorbed goat anti-mouse IgG (Southern Biotech) followed by overnight incubation with either anti-human IgA1 (Sigma) or in an approximately equal volume of sterile PBS containing a 21 / 9d50$$se25 07-10-98 22:35:08 jinfa UC: J Infect 
-3)
. The serum cytokine levels in patients with these infections in addition to N. gonorrhoeae infection suggested that the distribution of cytokine levels was not continuous; therefore, Results comparisons were done using Fisher's exact test. We established cutoffs for positive and negative cytokine responses on
Local and systemic IL-1, IL-6, and IL-8 responses in relation
the basis of reported median levels of these cytokines in sera to gonococcal infection. We first examined whether IL-1, from patients with meningococcal and other infections [39-41] IL-6, and IL-8, cytokines that are associated with inflammation, as follows: IL-1, 500 pg/mL; IL-6 and IL-8, 1000 pg/mL each. are produced during natural infection of women with N. gonorrhoeae infection. The levels of these cytokines in cervical muAccording to these criteria, serum IL-1 and IL-6 levels at visit / 9d50$$se25 07-10-98 22:35:08 jinfa UC: J Infect 1 were higher in patients with concomitant infections compared significantly different in gonococcus-infected patients who also had concomitant infections. with levels in all other groups. However, serum IL-8 levels were not higher in patients with concomitant infections. Local
Further analysis of the cytokine responses in these patients revealed an unexpected and distinctive pattern of serum cytocytokine levels, in cervical mucus or vaginal wash, were not / 9d50$$se25 07-10-98 22:35:08 jinfa UC: J Infect kine levels in the patients with concomitant infections. Typical highly elevated at visit 2, despite elimination of infection by antibiotic treatment. This cytokine profile was not seen in any serum cytokine profiles from concomitantly infected and other patients selected to illustrate this pattern are presented in table patients without concomitant infection. Effects of concomitant infections on antigonococcal antibody 2. Very high serum levels of all or most cytokines tested were detected in Ç50% of patients with concomitant infections. In responses. We examined whether antigonococcal antibody levels were affected by concomitant infection. Infection with addition, the cytokine levels in these patients also remained / 9d50$$se25 07-10-98 22:35:08 jinfa UC: J Infect T. vaginalis or C. trachomatis either alone or concomitantly compared with either uninfected patients or patients infected with T. vaginalis or C. trachomatis alone (P õ .05), but not in with N. gonorrhoeae did not alter the concentrations of total IgA1, IgA2, IgG, and IgM in serum and in genital secretions comparison with patients infected with N. gonorrhoeae alone. There were no correlations between serum cytokine and anti-(cervical mucus and vaginal wash) compared with uninfected patients or patients solely infected with N. gonorrhoeae. To gonococcal antibody levels. correct for the dilution of secretions during collection, the levels of IgA1, IgA2, IgG, and IgM antibodies specific for the MS11 Discussion strain of N. gonorrhoeae were calculated in relation to the total corresponding isotype concentration (table 3) . Antibody levels Most infections begin at mucosal surfaces, and this is particularly true of STDs, including gonorrhea. Despite this fact, the to N. gonorrhoeae in genital secretions were not affected by infection by any organism.
pathogenesis of mucosal infections from the perspective of the immune and inflammatory responses at the site of infection Serum IgA1 antigonococcal antibody levels were higher in patients infected with N. gonorrhoeae than in the uninfected has not been extensively studied. We examined whether certain cytokines, in particular those known to be induced by other patients (table 4, P õ .05). Infection with T. vaginalis or C. trachomatis either alone or during concomitant infections did mucosal infections (e.g., the gastrointestinal and urinary tracts), are present in local secretions and serum during natural gononot alter the levels of any serum antigonococcal antibody isotype. Serum IgA1 antibody levels were higher in patients incoccal infections in women. Serum, cervical mucus, and vaginal wash samples from women with uncomplicated gonorrhea fected with N. gonorrhoeae and T. vaginalis or C. trachomatis / 9d50$$se25 07-10-98 22:35:08 jinfa UC: J Infect (presenting at an STD clinic) were initially tested for IL-1, kines are produced in response to a variety of stimuli, such as trauma, tissue injury, blood loss, tumors, and autoimmune IL-6, and IL-8. These cytokines were occasionally detected in cervical mucus and in serum samples obtained from individual disorders, in addition to bacterial and viral infections [42] [43] [44] , it is not unexpected that some were detected in samples from patients, including the uninfected patients. However, as cyto- patients not currently infected with any of the 3 pathogens weeks after treatment. To the best of our knowledge, this type of cytokine profile has not been seen before. Continued local examined.
Local cytokine production is common during mucosal infeccytokine production after antibiotic treatment has been observed in patients recovering from shigellosis, but the levels tions with gram-negative bacteria [15 -19] . Surprisingly, the local levels of IL-1, IL-6, and IL-8 in genital secretions were of systemic cytokines were not followed [45] . Very high levels of serum cytokines are associated with bacterial infections that not elevated in women with gonococcal cervicitis compared with levels in uninfected patients. The lack of inflammatory have high mortality, such as bacterial meningitis and hemolytic uremic syndrome [39, 46, 47] , but unlike the profile reported cytokine elevation could not readily be accounted for by the potential regulatory effects of IL-10 and TGF-b, the levels here, these cytokine levels decline rapidly with effective treatment of the infections. It is unclear at this time what causes of which were also no higher in gonococcus-infected than in uninfected women. Lack of significantly enhanced local inthis unusual profile of cytokine production in patients with concomitant STD infections and why the patients have no overt flammatory cytokine production in women with gonococcal cervicitis contrasts with the local production of these cytokines symptoms that might be expected with high levels of circulating IL-1 and IL-6. in response to experimental gonococcal infection in men [30] . We have similarly found IL-1, IL-6, and TNF-a in seminal Antigonococcal antibodies have been reported in women infected with N. gonorrhoeae [1] [2] [3] [4] [5] [6] [7] . Given the effects of conplasma of men with naturally acquired gonococcal urethritis (Hedges SR, et al., unpublished data). It is unclear at this time comitant infections on systemic cytokine levels reported herein, we examined whether concomitant infections also affected the why such a marked gender difference should exist. Epithelial cells are believed to be responsible for the initial production levels of antigonococcal antibodies. Infection with T. vaginalis or C. trachomatis, either alone or concomitantly with N. gonorof local cytokines during acute mucosal infections (reviewed in [20] ). Differences in the types of stimuli that induce epitherhoeae, did not alter total immunoglobulin or antigonococcal antibody levels in serum or in local secretions. The levels of lial cell cytokine responses as well as differences in the cytokine profiles produced by epithelial cells in response to a single antigonococcal antibodies were generally low in genital secretions and in serum, which may have contributed to an insensistimuli have been noted [20] . Therefore, it is possible that the apparent gender differences in cytokine production in response tivity in the detection of any changes in the antibody levels. Organized mucosa-associated lymphoid tissues, such as the to N. gonorrhoeae infections are due to differences in the responses of urethral and cervical epithelial cells.
Peyer's patches of the gut, are considered to be the inductive sites of the common mucosal immune system [48] . Such strucIn contrast to local cytokine levels, serum IL-6, but not IL-1 or IL-8, was significantly elevated in gonococcus-infected tures are absent from the normal human female genital tract, suggesting that this is a poor site for the generation of antibody women as a group both at the time of treatment and 2 weeks later. Examination of individual patients whose serum cytoresponses. A recent report, however, examining the best route for generating local antibody responses in humans showed that kines were elevated led to the observation that most such patients were also infected with C. trachomatis or T. vaginalis.
intravaginal immunization using cholera toxin B subunit as an adjuvant generated the highest levels of vaginal and cervical A subgroup of patients with concomitant infections had an unusual cytokine profile, which included very high levels of antibodies [49] . This suggests that antibody responses can be induced in the female genital tract, given a sufficiently strong serum IL-1, IL-6, IL-8, and IL-10, which remained elevated 2
